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The recent outbreak of severe acute respiratory 
syndrome (SARS), which is an acute respiratory 
illness, is caused by newly discovered SARS coron- 
avirus (SARS-CoV). Herein we describe the 
antiviral activity of several classes of nucleoside 


analogues evaluated against SARS-CoV in Vero 76 
cells, some of which exhibited moderate activity. 
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Introduction 

Severe acute respiratory syndrome (SARS) is a new form of 
non-typical pneumonia, which is caused by a new member 
of the coronaviridae family, the SARS-coronavirus (SARS- 
CoV; Drosten et al., 2003; Ksiazek et al., 2003; Peiris et al., 
2003; Poutanen et al., 2003). Common symptoms of the 
infectious disease include fever (a measured temperature of 
more than 100.4°F [38°C]) that may be accompanied by 
chills, headache, malaise, body aches, dry and non-productive 
cough and dyspnea. This febrile respiratory illness first 
originated in the Guangdong Province of Southern China 
and Hong Kong in late 2002, and then rapidly spread to 
over 32 other countries or regions in five continents. This 
disease infected approximately 8,459 patients and resulted 
in over 800 deaths (Cumulative number of reported prob¬ 
able cases of SARS as of June 23, 2003 [homepage on 
internet] Geneva, Switzerland: World Health Organization 
[last accessed 30 October 2006]. Available from: 
http://www. who.int/csr/ sars/ coutry/2003_06_23/en/). 
SARS has thus become an emerging serious and contagious 
illness of the 21st century which, in turn, has created a 
potentially serious health crisis and economic disruption 
worldwide (Lee et al., 2003). 

To date, there are no approved or universally 
recommended therapies for SARS. Therefore, intensive 
efforts have been made throughout the world to discover 
clinically effective antiviral agents to combat any future 
outbreaks. Although corticosteroids, antibiotics and antiviral 
agents have been used empirically for the treatment of this 


disease, these agents have not demonstrated any clinical 
efficacy (Wenzel et al., 2003). A synthetic nucleoside, 
ribavirin, has been studied in combination with corticos¬ 
teroids and interferon-a for the treatment of SARS (Peiris 
et al., 2003; Koren et al., 2003; Morgenstern et al., 2005). 
However, ribavirin has been shown to be only weakly active 
in vitro against SARS-CoV, and to even enhance and 
prolong viral replication in mice (Barnard et al, 2006). 
Other agents such as isatine derivatives (Chen et al., 2005; 
Wu et al., 2005), small interfering RNA (Wu et al., 2005), 
glycyrrhizic acid derivatives (Hoever et al., 2005), peptide 
inhibitors (Wu et al., 2004; Zhang et al, 2006) and natural 
compounds like Chinese medical herb extracts (Xiao et al., 
2003; Zhong et al., 2003; Li et al., 2005) have been reported 
as effective SARS-CoV inhibitors. Since ribavirin has 
empirically been studied in combination therapy for the 
treatment of SARS, it was of interest to evaluate the biolog¬ 
ical activity of the nucleoside library from our laboratory 
against SARS-CoV. 

The nucleoside analogues listed (Figure 1) were 
synthesized as described elsewhere (Choo et al., 2006; 
Gadthula et al., 2005; Chen et al., 2004; Chun et al., 2000; 
Song et al., 2001; Chu et al., 1991; Liang et al., 1997; 
Sureyya et al., 2001). For the synthesis of compound 3, 
experimental procedure and analysis data are provided as 
supplemental information (see additional file). 

Different classes of synthesized nucleoside analogues 
in our library were evaluated for their inhibitory activity 
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Figure 1. Library of compounds evaluated for their anti-SARS-CoV activity 
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CoV, coronavirus; SARS, severe acute respiratory syndrome. 


against SARS-CoV in vitro in African green monkey 
kidney (Vero 76) cells. The median antiviral potency and 
growth inhibition of the nucleoside analogues were 
expressed as 50% viral inhibitory concentration (EC S0 ) and 
cytotoxic concentration (IC 50 ), respectively. The selectivity 
index (SI) was calculated using the formula: SI=IC 50 /EC 5 0 . 
Alferon (interferon) N, provided by David Strayer 
(Hemispherx Biopharma, Philadelphia, PA, USA) was 
used as a positive control and potently inhibited SARS- 
CoV replication in cell culture with an EC so =l,000 IU 


and displayed no toxicity up to 100,000 IU. Four- 
membered ring D-(4-8) and L-(9-13) thionucleosides 
were evaluated for their anti-SARS-CoV activity in 
neutral red and visual assays (Table 1) as described previ¬ 
ously (Barnard et al., 2006). Among these compounds, the 
D-isomer of thymine analogue (4) exhibited good anti- 
SARS-CoV activity (EC so =20 pM) without any toxicity 
at dosages up to 100 pM, which was the highest evaluated. 
The L-cytosine analogue (10) was also found to be active 
(EC 50 =20 pM) in a neutral red assay, but toxicity (IC so =20 
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Table 1. Inhibition of the SARS-CoV replication in African green monkey kidney (Vero 76) cells by 
nucleoside analogues 


Nucleoside 

Assay 

EC 50 , 

IC 50 , pM 

SI* 

Reference* 

4 

Visual 

20 

>100 

>5 

Choo et al. 


NR 

20 

>100 

>5 


5 

Visual 

>100 

>100 

0 

Choo et al. 


NR 

>100 

>100 

- 


6 

Visual 

>100 

>100 

0 

Choo et al. 


NR 

>100 

>100 

0 


7 

Visual 

>100 

>100 

0 

Choo et al. 


NR 

>100 

>100 

0 


8 

Visual 

>100 

>100 

0 

Choo et al. 


NR 

>100 

50 

0 


9 

Visual 

>100 

>100 

0 

Choo et al. 


NR 

>100 

40 

0 


10 

Visual 

>100 

100 

0 

Choo et al. 


NR 

20 

20 

1 


11 

Visual 

>100 

>100 

0 

Choo et al. 


NR 

>100 

40 

0 


12 

Visual 

>100 

>100 

0 

Choo et al. 


NR 

>100 

40 

0 


13 

Visual 

>100 

>100 

0 

Choo et al. 


NR 

>100 

40 

0 


14 

NR 

10.3 

16.1 

1.6 

Gadthula et al. 

15 

NR 

>100 

18 

0 

Gadthula et al. 

16 

Visual 

52 

52 

1 

Gadthula et al. 


NR 

72 

17 

0 


17 

Visual 

10 

>10 

0 

Gadthula et al. 


NR 

50 

52 

1 


18 

Visual 

>100 

>100 

0 

Gadthula et al. 


NR 

>100 

>100 

0 


19 

Visual 

>100 

3.2 

0 

Gadthula et al. 


NR 

11.5 

3.5 

0 


20 

Visual 

>100 

>100 

0 

Gadthula et al. 


NR 

>100 

>100 

0 


21 

NR 

22.2 

>100 

>4.5 

Chen etal. 

22 

NR 

11.1 

14.5 

1.3 

Chen et al. 

23 

NR 

>100 

>100 

0 

Chen etal. 

24 

NR 

11.9 

25.6 

2.2 

Chen et al. 

25 

NR 

>100 

21 

0 

Chen et al. 

26 

NR 

>100 

75 

0 

Chen et al. 

27 

NR 

<10 

28 

2.8 

Chun et al. 

28 

NR 

>100 

>100 

0 

Chun et al. 

29 

NR 

>100 

>100 

0 

Chun et al. 

30 

NR 

>100 

>100 

0 

Chun et al. 

31 

NR 

>100 

41 

0 

Chun et al. 

3 

NR 

65 

>100 

1.5 


32 

NR 

>100 

>100 

0 

Song et al. 

33 

NR 

>100 

>100 

0 

Song et al. 

34 

NR 

>100 

>100 

0 

Song et al. 

35 

NR 

>100 

<10 

0 

Song et al. 

36 

NR 

>100 

<10 

0 

Song et al. 

37 

NR 

>100 

>100 

0 

Song et al. 

DOT (38) 

NR 

24.6 

>100 

>4.1 

Chu et al. 

39 

NR 

28.6 

18.8 

0 

Liang et al. 

40 

NR 

76.8 

>100 

>1.3 

Sureyya et al. 

Alferon N’ 


1,000 IU 

100,000 IU 

100 

- 

*Selectivity index (Sl)= 

=cytotoxic concentration (1C 

50 )/50% viral-inhibitory concentration (EC 50 ). 

. References of compound's 

chemical synthesis. 


’Positive control. NR, neutral red. 
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pM) was also detected with this compound. The other 
analogues in these series did not show any significant 
antiviral activity. 

The 3'-azido-2',3'-unsaturated thymine analogue (14) 
showed good anti-SARS-CoV activity (EC so =10.3 pM) 
but with significant toxicity. The adenine analogue (16) 
exhibited moderate antiviral activity in both the visual 
and neutral red assays (EC S0 =52 and 72 pM, respectively), 
but it also exhibited some cytotoxicity. The guanine 
analogue (17) also showed good anti-SARS-CoV activity 
(EC 50 =10 pM) in the visual assay with accompanying 
toxicity; however, it was less active (EC so =50 pM) in the 
neutral red assay and toxicity was once again observed 

(IC S0 =52 pM). 

p-D-3'-Azido-3'-deoxyribo-furanosyladenine (19) 
exhibited moderate antiviral activity (EC 50 =11.5 pM) by 
neutral red assay. It also displayed significant toxicity. The 
other compounds did not exhibit any significant antiviral 
activity up to 100 pM. 

The 3'-fluoro-2',3'-dideoxy-2',3'-didehydro-4'-ethynyl- 
D-and L-furanosyl nucleosides (21-26) were evaluated 
against SARS-CoV activity in a neutral red assay. Among 
these series, the D-cytosine analogue (21) displayed 
moderate anti-SARS activity (EC S0 =22.2 pM) without any 
toxicity at the highest concentration tested, whereas its 
L-isomer (26) did not show any antiviral activity. In the 
same series, both D-and L-adenine derivatives (22 and 24) 
showed moderate antiviral activity (EC 50 =11.1 and 
11.9 pM, respectively); however, they were also toxic. The 
other compounds (23 and 25) in the same series did not 
show any activity. A series of 2',3'-dideoxy-3'-fluoro-L- 
ribonucleosides (27-31) were evaluated, among which only 
5-chloro 2',3'-dideoxy-3'-fluoro-f5-L-uridine (27) showed 
moderate antiviral activity (EC S0 <10 pM), but with 
significant toxicity. None of the other series exhibited 
any SARS-CoV activity. The D- and L-cyclopentenyl 
carbocyclic nucleosides (3 and 32-37) were evaluated, 
among which only 3 exhibited a weak inhibitory activity 
(EC 50 =65 pM) without any toxicity. 

The other carbocyclic analogues did not show any efficacy 
against the SARS-CoV. However, it was observed that 
dioxalane-thymine (DOT; 38) showed moderate antiviral 
activity (EC S0 =24.6 pM) without significant cytotoxicity. 
Interestingly, the C-nucleoside, 4-amino-7-(|3-L-ribofu- 
ranosylpyrrolo[3,2-D]pyrimidine hydrochloride (39) 
inhibited SARS-CoV replication (EC S0 =28.6 pM), but 
was also cytotoxic. Compound 40 exhibited weak antiviral 
activity (EC S0 76.8 pM) without any cytotoxicity. 

In summary, we have tested several classes of nucleoside 
analogues against SARS-CoV in vitro from which several 
nucleoside analogues have been found to exhibit moderate 
antiviral activity. However, no clear structure-activity 
relationships have emerged. 
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